INTRODUCTION
Huge amounts of freshwater are required for intensive aquacultures, which generate nutrient-rich wastewater streams, causing eutrophication and negatively impact aquatic biological communities. Reduction of nutrient and chemical discharge into receiving water bodies always needs sustainable water treatment technologies (Islam and Tanaka 2004, and Wuang et al., 2016) . In this context, aquatic plants have been widely used to remove pollutants from wastewaters. Floating and emergent plants have been studied for nutrient and heavy metal removal from different types of wastewater (Seo et al., 2010; Tel-Or and Forni, 2011) . Pollutant removal studies by aquatic plants have been applied on aquaculture pond effluent (Sooknah and Wilkie, 2004; Mohedano et al., 2012) . Iamchaturapatr et al. (2007) examined diverse types of plants species, including 21 types of floating and emergent aquatic plants, and found that different types of plants had different nitrogen and phosphorus removal capacity. Using floating aquatic plants in treatment of wastewater was found to be more preferable because of their higher growth rate. They are easier to maintain and harvest after the treatment (Tel-Or and Forni, 2011) . In addition, the harvested biomass can be utilized for many purposes such as animal feeding or feedstock for renewable energy production (Muradov et al., 2014; and Sudiarto et al., 2019) .
Ceratophyllum demersum L. (Ceratophyllaceae, horn weed or coontail) grows in shallow, muddy, quiescent water bodies at low light intensities. It is a submerged, rootless, free floating, perennial and it is cosmopolitan in distribution. This submerged macrophyte has a high capacity for vegetative propagation and biomass production even under low nutritional conditions, removing excess nutrients and metals from stagnant waters. It is useful as an oxygenator or for use in a closed equilibrated biological aquatic system (Aravind and Prasad, 2005 and Foroughi et al., 2010) . Lemna minor (duckweed) is the world's smallest and fastest growing angiosperm (Ziegler et al., 2016) . It represents a suitable producer of large amounts of biomass and has a great economic potential and many practical applications in biotechnological and ecological fields (Tel-Or and Forni, 2011) . Lemna minor species are used as bio-indicators for in situ and ex situ ecotoxicological assays (Brain and Solomon, 2007) . The efficacy of this plant to remove nutrients, and heavy metal sequestration ability from wastewaters and creation of habitat for aquatic organisms capable of metabolizing wastewater organics are previously published (Louis et al., 2005) . In addition, species of this plant were reported to be very effective for the removal of soluble salts, organic matter, algal abundance and coliform densities (El-Kheir et al., 2007) and it can tolerate elevated organic loading as well as high concentrations of micronutrients (Hasan and Chakrabarti, 2009) . Furthermore, such systems were reported for their capacity to reduce odors and inhibit mosquito breeding besides the production of useful biomasses (Gupta and Prakash, 2014; Amare et al. 2018) . Different fish species were largely used for the assessment of aquatic environment quality and are accepted as bio-indicators of environmental pollution (Beheary et al., 2015) . They are in close contact with their environment, and are very susceptible to physical and chemical changes, which may be seen in their blood components (Ayoola et al., 2014 , Beheary et al., 2018 .
The objective of this study was to examine the efficiency of using some plants in removing pollutants from aquaculture. Two aquatic macrophytes were used in this study: the submerged Ceratophyllum demersum and the floating Lemna minor. Physicochemical parameters of aquaculture wastewater including PH, total dissolved solids (TDS), conductivity, turbidity, dissolved oxygen (DO), chemical oxygen demand (COD), biochemical oxygen demand (BOD), total phosphorous (TPO4), nitrate (NO3), nitrite (NO2) and ammonia have been analyzed. The variation in physicochemical parameters of aquaculture wastewater was determined to verify the effectiveness of plant-based treatment process. This study also assessed some hematological and physiological indices of Tilapia (Oreochromis niloticus) with respect to treatment processes.
MATERIALS AND METHODS

Fish
The experiment was held in the Department of Zoology Laboratory, Damietta Faculty of Science. Healthy and active specimens of Tilapia Fish (Oreochromis niloticus), Cichlidae with total body weight (50-60 g) were obtained from Alabsho fish farm. The fish were handled very softly to avoid any injury and treated with 0.1% KMNO4 solution for removal of any fungal infection. Groups of 5 fish were kept in a 60 L glass aquarium loaded with 40 L of de-chlorinated tap water and gently aerated for two weeks for acclimatization. Fish were fed twice every day at a rate of 3% of their biomass.
Plants
Ceratophyllum demersum and Lemna minor were collected from fresh water canals in Damietta and thoroughly washed with tap water to remove any soil sediment particles attached to the plant surfaces. Plants were placed in fish-free aquaria (60 L) for 2 days before being added to the test aquaria.
Experimental design
Fish were divided into 4 treatment groups of 3 replicates per group, and 5 fish/replicate. The control group was not exposed to any phyto-treatment but continued on pump aeration and waste filtering as in the acclimatization period. The second group was treated with Lemna minor (Lm), while the third group was treated with Ceratophyllum demersum (Cd). The fourth group was treated with both Ceratophyllum demersum and Lemna minor (Lm+Cd). All treatments continued for 4 weeks.
Analyses
Water samples were collected from each aquaria every 7 days to measure PH, turbidity, temperature, Total dissolved solids (TDS), conductivity (EC), dissolved oxygen (DO), chemical oxygen demand (COD), biochemical oxygen demand (BOD), total Phosphorous, ammonia (NH 3 ), nitrate (NO 3 ) and Nitrite (NO 2 ).
Water temperature was measured using protected thermometer. PH was carried out using a pH-meter (PH-Lutron, Model 206). TDS and conductivity (EC) were carried out by TDS/EC meter (Lutron, Model YK-22CT). Turbidity was measured by nephelometric Method using Al 1000 Turbidimeter, Aqualytic, Germany, with measuring range of 0-200 NTU.
Dissolved oxygen, nutrient salts, biological oxygen demand and chemical oxygen demand were determined according to APHA (2005) . Dissolved oxygen, biological oxygen demand, chemical oxygen demand, total phosphorous, ammonia (NH 3 ), nitrate (NO 3 ), nitrite (NO 2 ) were determined according to APHA (2005) .
At the end of the experiment (4 weeks), blood samples were collected from the caudal vein via heparinized syringe. Hematological variables include white blood cell count (WBCx10 3 /L), hemoglobin concentration (Hb, g/dL), hematocrit (Ht, %), red blood cell count (RBCx10 6 /L), mean corpuscular volume (MCV, fL), mean corpuscular hemoglobin (MCH, g/dL) and mean corpuscular hemoglobin concentration (MCHC, g/dL) and were analyzed on a mindary BC-2800 Auto Hematology Blood Analyzer. Plasma was obtained from blood samples by centrifugation at 3000 rpm for 15 min at room temperature. Biochemical variables included total protein, albumin, glucose, cholesterol, triglyceride, creatinine, uric acid, urea, Aspartate Aminotransferase (AST, formerly GOT) and Alanine Aminotransferase (ALT, formerly GPT) concentrations were determined by using a Roche Hetachi Cobas C311.
Statistical analysis
Data are presented as mean±SEM. For all statistical analyses, Microsoft Excel was used. Significant differences among different plant treatments and different measured water variables and blood variables were tested by using one-way analysis of variance (ANOVA). Unpaired t-test was applied as a post-hoc test, when ANOVA was significant. In all cases, a p value of less than 0.05 was considered as significant.
RESULTS AND DISCUSSION
The aim of this study was to examine the efficiency of using the submerged Ceratophyllum demersum and the floating Lemna minor in removing pollutants from tilapia aquaculture. Unfortunately, we could not compare the results with a control tilapia aquarium without artificial aeration/filtering. These aquaria became very turbid and contaminated quickly so that fish could not survive this contamination for a reasonable period. Thus, the aeration pump and artificial filter were recruited in the control group, and the study compared the artificial wastewater purification in this control group with that by the applied plants. It was very obvious that the aquaria with Ceratophyllum demersum (Cd) were cleaner and clearer than all other treatments ( Fig. 1) . 
Water quality
Physicochemical parameters were measured once a week in water samples collected from each treatment (Fig. 2) . The obtained results for temperature, pH, turbidity, conductivity (EC), TDS, dissolved oxygen (DO), chemical oxygen demand (COD), biochemical oxygen demand (BOD), total phosphorous (TPO 4 ), ammonia (NH 3 ), nitrate (NO 3 ), and nitrite (NO 2 ) are presented in Table ( The results indicated that pH value were significantly increased to be more alkaline in Lm+Cd treatment with average of 7.92 followed by Lm-treatment with average of 7.76, while it was significantly lower in the Cd group than that in all other treatment (Table 1) . However, it is known that most fish can tolerate pH values of about 5.0 to 9.0. Although these small changes in pH are not likely to have a direct impact on aquatic life, they greatly influence the availability and solubility of all chemical forms in the water and may aggravate nutrient problems (Ahmed, et al. 2013 ). An increase in pH level supports the growth of aquatic plants. Kashim and Singh (2002) reported that due to increase of pH, there was an increase in the uptake of elements. This is the reason that initially relative growth rate of treated plants significantly increased with the passage of time (Saha et al., 2015) .
Turbidity is a relative measurement of reduced visual clarity. Increased turbidity levels are caused by suspended particles dissolved organic matter, and planktonic organisms in the water column. In the current study, turbidity was increased in the control during the experiment period to reach the highest value at the end of the experiment (26.61 NTU, Fig. 2) . Turbidity was reduced significantly in the other treatments. The values reduced in Lm treatment from 25.7 to 24.03 NTU, in Cd treatment from 24.4 to 23.49 NTU, and in the mixed treatment from 25.75 to 25.50 NTU (Fig. 2) . The turbidity in the Cd group was significantly lower than that of the control and the other treatment groups (Table1). In general, the percent removal of turbidity between groups was arranged as: Cd treatment (8.85%) ˃ Lm treatment (4.42) ˃ Lm+Cd (2%) compared to the control. Turbidity reduction might be attributed to the reduction in suspended particulates particularly the organic matter (Gopal and Ghosh, 2008 ). An increase in transparency and a major reduction in the biological oxygen demand (BOD 5 ) may also result. The obtained results were in conformity with Tanner and Headley (2011) and White and Cousins (2013) who suggested that the use of floating treatment wetlands has the advantages of enhanced sedimentation of particles, and facilitating nutrient and metal removals.
Conductivity is a measure of how well water can pass an electrical current. It is an indirect measure of the presence of inorganic dissolved solids. Reductions in EC values were observed in the three treatment groups from the initial measurement to the end of the experiment with averages of 0.49, 0.59, 0.62 for Cd treatment, Lm treatment, Lm+Cd, respectively, while an increase in EC values in the control group was noticed (Fig. 2) . The average conductivity was significantly lower in Cd group than all other tested groups (Table 1) . The maximum percent reduction of EC was observed in Cd treatment (24.5 %) followed by Lm treatment (9.4 %) and Lm+Cd 4.5 % compared with the control. Our results are in agreement with that of Foroughi et al. (2014) , who found that the EC values in diluted fresh latex wastewater was reduced by the use of Cd from 0.75 to 0.65 ds/L. A high level of total dissolved solids (TDS) was quantified in the control after the 4-week-study (525 mg/l) compared to the initial value (388 mg/l). All other treatments decreased TDS values as compared to initial values. When comparing the reduction percent of TDS among treatments and control, we found that treatment with Cd reduced TDS by 33.8 % followed by Lm treatment (24.6 %) and Lm+Cd (9.6 %). The difference between groups was significant (Table 1) . In accordance with our results, Saha et al. (2015) reported that the phytoremediation technique has the capacity to reduce TDS levels in wastewater.
Dissolved oxygen content (DO) in Lm treatment, Cd treatment, and Lm+Cd tended to increase significantly from the beginning (3.76, 3.57, 3.32 mg/l) to the end of experiment (3.94, 3.87, 3 .81 mg/l), respectively (Fig. 2) . In contrast, the control DO content decreased during the experiment from 3.99 mg/l to 3.86 mg/l at the end of the experiment. The average concentrations of DO over the experiment period were significantly lower in Cd treatment and Lm+Cd treatment (table 1) perhaps because the presence of plants covering the surface resulted in lower chances for oxygen exchange between the water surface and atmosphere. Generally, the highest average concentration of DO was recorded in the control group with no plants.
Chemical oxygen demand (COD) and biochemical oxygen demand (BOD) are important parameters for determining the amount of organic and inorganic pollution in water. The present results showed that COD content in the control group increased gradually from 216.5 mg/l in the first week to 225 mg/l at the end of experiment. Relatively, reduction of COD from the beginning to the end of experiment was observed in Lm treatment (210.3 to 206 mg/l), Cd treatment (209 to 203 mg/l) and Lm+Cd treatment (218 to 2015 mg/l). A remarkable removal percent among groups was detected, as Cd treatment reduced COD concentrations by 6.2% over the control, followed by Lm treatment (5.4 %) and Lm+Cd treatment (1.6 %).
BOD content increased significantly in the control group from 14.35 to 15.33 mg/l at the end of the experiment (Fig. 2) . The values decreased highly during the experiment in all other treatments. Treatment with Cd reduced BOD from 14.36 to 13.03 mg/l. Lm treatment reduced BOD from 14.77 to 14 mg/l, and Lm+Cd treatment reduced BOD from 15.62 to 14.88 mg/l. The highest percent removal of BOD was recorded in Cd treatment (7.9 %) with a significant average of 13.63 mg/l (table 1). The decrease in COD and BOD concentrations in the three treatments was in agreement with the findings of Koèrner and Vermaat (1998) , Komer et al. (2003) , Pilon-Smits (2005) and Gupta and Prakash (2014) . El-Kheir et al. (2007) suggested that aquatic macrophytes played an important role in removing organic contaminants. Previous works such as Gupta and Prakash (2014) reported that duckweed-based wastewater treatment significantly reduced total suspended solids, biochemical oxygen demand, and chemical oxygen demand besides nutrient extraction. Komer et al. (2003) reported that duckweed ponds as wastewater treatment can be qualified as a secondary or tertiary treatment in removing suspended solids (65-70%) and organic matter (30-45% BOD).
Aquaculture wastewater often contains high concentrations of ammonia, nitrates, and phosphates (Ziegler et al., 2016) . In the present study, ammonia content was increased in the control group, despite filters, from an initial 9.66 mg/l to 9.9 mg/l at the end of experiment with average concentrations of 9.75 mg/l. Ammonia content was reduced in the three treatments compared to control. This reduction was significant only in Cd treatment group (Table 1) . Cd treatment was the best in removing ammonia content with 3.44% and average concentrations of 9.42 mg/l followed by Lm treatment (2.53 %, and 9.51 mg/l average) and the mixed group (0.92%, and 9.66 mg/l average). Ammonium ions can be volatilized as ammonia so that the NH 4 + concentration in the water is reduced. At pH more than 7, the equilibrium of NH 3 /NH 4 + is shifted towards ammonia (NH 3 ) (Metcalf and Eddy, 2003, Sudiarto et al., 2019) . High ammonia concentrations in the environment are toxic to plants, animals, and even humans (Britto and Kronzucker 2002) . As comparison to the present results, Muradov et al. (2014) reported that the removal efficiency for duckweed and azolla plant was 54.9% and 43.0%, respectively. Huang et al. (2013) , Zhang et al. (2014) and Wang et al. (2014) reported that the aquatic plant (Lemna minor) takes up NH 4 + readily and grows well at concentrations of the ion of up to 84 mg/l, it takes up NH 4 + and NO 3 -through both roots and the lower surface of the fronds, and may prefer NH4+ to NO 3 (Fang et al. 2007 ). Nevertheless, the higher NH4 + concentrations still lead to growth rate reduction and photosynthetic pigment loss.
Nitrate and nitrite were removed efficiently throughout the three treatments compared to the control. As compared with control values, NO 3 percent removals were arranged as 8.5% (Cd treatment) > 6.11% (Lm+Cd treatment) > 5.7% (Lm treatment). While NO 2 percent removals were arranged as: 17.79 % (Cd treatment) > 13.22% (Lm treatment) > 7.32% (Lm+Cd treatment). The results are similar to that of Muradov et al. (2014) , who reported that over 90% of the NH 4 + , and 70% of the NO 3 were removed by Spirodela polyrhiza, and Lemna gibba / L. minor, respectively, from wastewater.
A significant reduction in the total phosphorous (TPO 4 ) values was observed in Lm treatment and Cd treatment ( Table 1) . Values of both groups and the mixed treatment decreased from initial (33.46, 33.0, and 34.2 mg/l) to the end of experiment (32.76, 31.6 and 33.6 mg/l), respectively (Fig. 2) . In contrast, values in control was increased from 33.45 mg/l to 33.9 mg/l. The Cd treatment had the best phosphorus removal (4.4 %) with average concentrations of 32.25 mg/l followed by Lm treatment (1.9 %) with average of 33.08 mg/l, while Lm+Cd treatment had no effect when compared to the control. As comparison, Muradov et al. (2014) found that at initial TPO 4 of 24.7 mg/l, a removal efficiency from wastewater by using L. minor (duckweed) and azolla plant was 11.3% and 4.9%, respectively. Moreover, Xu and Shen (2011) found that at initial TPO 4 concentration of 30.6 mg/l, removal efficiency by duckweed from wastewater was 24%. Also, Sudiarto et al., (2019) found that Limna sp had the highest phosphorus removal of 36.15%. Alvarado et al. (2008) and Gao et al., (2009) reported that the plants removal capacity increased with the increment in nitrogen and phosphorus in water. Foroughi (2011) agreed with our findings and reported that C. demersum could absorb high amount of calcium, nitrogen, phosphorous, sodium and potassium efficiently from aquatic environments.
Hematological analyses
Hematological parameters are used as indicators of fish health status in many fish species by detecting physiological changes occurring after different stresses such as exposure to pollutants, diseases, minerals, and hypoxia (El-Sayed, 2015) . Hematological indices are of different sensitivity to various environmental factors and chemicals. They are highly dependent on the change of water quality. All hematology analyses of the present work are summarized in Table (2). White blood cell (WBC) count in all plant treatments was found to be significantly less than the control, reflecting less contamination due to these treatments. As contamination increases, the defensive mechanisms against the toxic effect of pollutants increases, and this may explain the increase in WBCs in the more contaminated control. As well, red blood cell count (RBCs), hemoglobin (Hb), hematocrit (Hct) and mean corpuscular volume (MCV) was significantly higher in plant treatments than that of the control (Table 2) . RBCs, Hb, Hct, MCV, were enhanced and increased by ranges of (18.8-37.5%) for RBCs, (18-44%) for Hb, (13.2-59.3%) for Hct, and (11-29.9%) for MCV. The maximum enhancement in hematological indices was recorded in fish collected from Cd treatment by an average of 20% followed by Lm treatment (9.6%) and Cd treatment (2.45%).These changes may also reflect less water pollution due to the phytoremediation.
Some researchers showed that the major outcome of nitrite poisoning is the oxidation of hemoglobin to methemoglobin in erythrocytes (González et al., 2000; Svobodova et al., 2005; Kroupovaa et al., 2008) . Consequently blood oxygen transport is compromised, since methemoglobin does not bind oxygen. On the other hand, mean corpuscular hemoglobin (MCH), and mean corpuscular hemoglobin concentration (MCHC) were significantly higher in the control fish than that in the other treatments. MCH and MCHC levels were reduced in fish collected from the plant treated groups by a range of (38.4-41.4%), (2.34-9.4%), and (16.7-25%), respectively, than control. Such changes were highly related to pollutants increase, the reduction of dissolved oxygen in water during the experiment, and the defensive mechanisms against the toxic effect of pollutants which cause disturbances to the metabolic and hematopoietic activities in fish (Katalay&Parlak, 2004; Javed and Usmani, 2013; Praveena et al., 2013) . Nevertheless, many reports (Jee et al., 2004; Saravanan et al., 2011; Fazio et al., 2013) showed that MCHC and MCH values were decreased in respect to control group in fish exposed to different agents.
White blood cell (WBC) count in all plant treatments was found to be significantly less than the control, reflecting less contamination due to these treatments. As contamination increases, the defensive mechanisms against the toxic effect of pollutants increases, and this may explain the increase in WBCs in the more contaminated control.
As well, red blood cell count (RBCs), hemoglobin (Hb), hematocrit (Hct) and mean corpuscular volume (MCV) was significantly higher in plant treatments than that of the control (Table 2) . RBCs, Hb, Hct, MCV, were enhanced and increased by ranges of (18.8-37.5%) for RBCs, (18-44%) for Hb, (13.2-59.3%) for Hct, and (11-29.9%) for MCV. The maximum enhancement in hematological indices was recorded in fish collected from Cd treatment by an average of 20% followed by Lm treatment (9.6%) and Cd treatment (2.45%). These changes may also reflect less water pollution due to the phytoremediation. Some researchers showed that the major outcome of nitrite poisoning is the oxidation of hemoglobin to methemoglobin in erythrocytes (González et al., 2000; Svobodova et al., 2005; Kroupovaa et al., 2008) . Consequently blood oxygen transport is compromised, since methemoglobin does not bind oxygen. On the other hand, mean corpuscular hemoglobin (MCH), and mean corpuscular hemoglobin concentration (MCHC) were significantly higher in the control fish than that in the other treatments. MCH and MCHC levels were reduced in fish collected from the plant treated groups by a range of (38.4-41.4%), (2.34-9.4%), and (16.7-25%) , respectively, than control. Such changes were highly related to pollutants increase, the reduction of dissolved oxygen in water during the experiment, and the defensive mechanisms against the toxic effect of pollutants which cause disturbances to the metabolic and hematopoietic activities in fish (Katalay&Parlak, 2004; Javed and Usmani, 2013; Praveena et al., 2013) . Nevertheless, many reports (Jee et al., 2004; Saravanan et al., 2011; Fazio et al., 2013) showed that MCHC and MCH values were decreased in respect to control group in fish exposed to different agents.
Liver function
It is well-known that fish serum hepatic enzymes increase as water pollution increases (Matsue et al., 2004; Sbai and Rabeh, 2006; Hadi et al. 2009; Osman et al., 2018) . It has also been reported that changes in serum hepatic enzyme activity directly point to major pathological changes or liver damage (Bhattacharya et al., 2008) . Our results (Fig. 3) revealed a significant reduction in the concentrations of serum AST and ALT in fish of plant treated groups compared to the control group. Single plant treatment was also found to be superior to the mixed treatment, and Cd was superior to Lm treatment. In consistence with these results, albumin was found to be dropped in the control group, in comparison with the both single plant treated groups. Again, treatment with Cd was superior to other treatments. Cd treatment exerted a maximum reduction in hepatic enzymes: 64% for AST and 69.3% for ALT, compared to the control. The decreases of hepatic enzymes and the increase in plasma albumin can be attributed to the clearance of pollutants and low levels of organic matter in water with these treatments. Several reports indicated that the high levels of serum AST and ALT in O. niloticus are due to high ammonia levels in water and they play an important role in detoxification of ammonia in fish (Min and Kang, 2008) . These reports are in agreement with the results of the present work. Change in the blood cholesterol and triglyceride concentration (Fig. 5) is a sensitive indicator of liver dysfunction too, because homeostasis of lipids is one of the principle liver functions (Sayed et al., 2011) . It has been reported that exposure of fish to pollutants increased cholesterol and triglyceride concentrations in the blood. In the present work, blood cholesterol and triglyceride levels were significantly (p<0.05) higher in control fish compared to all other treatments. Such increases could be explained as a result of liver damage, leading to inhibition of enzymes that converts cholesterol into bile acid (Osman 2012) .
Kidney function
The results (Fig. 4 ) exhibited higher levels of serum creatinine, urea, and uric acid in the control fish blood compared to plant treatments. This increase can be attributed to the increased concentrations of pollutants in water (Hadi et al., 2009) . The increased levels of serum creatinine, urea, and uric acid are significant indicators of kidney malfunction and increased muscular tissue catabolism (Pandey et al., 2003) . Creatinine rise might be induced by glomerular insufficiency, increased muscle tissue catabolism or the impairment of carbohydrate metabolism (Sevgiler et al., 2004; Abu et al., 2009; Zaki et al., 2010; Kamal and Omar, 2011) . Similar findings were reported by Zaki et al. (2010) who recorded a significant increase in these parameters in Nile tilapia due to cadmium exposure. Treatment with Cd exerted the maximum reduction: for uric acid (53%), urea (29.62%), and creatinine (24%), compared to the other treatments and control. 
Nutritional aspects
Biochemical blood indices were measured for fish in all treatments (Fig. 5 ). Protein and albumin levels were increased in the three treatments by range of (6.7-53.3%) and (7.7-33.3%), respectively, compared with the control. Cd treatment exerted a maximum reduction: for cholesterol (28.9%), triglyceride (63.24%), and glucose (88.5%), compared to the other treatments and control. The protein synthesis of an organism is an important issue because of its involvement in enzymes, hormones, and antibodies. Thus, the influence of toxicants on total protein concentration of fish has been taken into consideration to evaluate the response to stressors and consequently the increasing demand for energy (Hadi et al., 2009) . In the present study, the total plasma protein concentration of tilapia was significantly increased in plant-treated groups when compared to the control groups (Fig. 5) . Several reports indicated a decline of total protein and albumin in blood serum as a result of exposure to toxins (Mutlu et al., 2015; and Li et al., 2018) . Other reports indicated that total protein increases increase liver dysfunction due to higher heavy metal concentrations (Zaki et al., 2010) .
A decrease in plasma total lipids and cholesterol in plant treated groups as compared with the control (Fig. 5) is a good indicator of liver function, as mentioned above. In this context, single plant treatment was superior to the mixed treatment, and Cd was superior to Lm treatment.
Levels of blood glucose were used as an indicator of environmental stress to reflect changes in carbohydrate metabolism in stress conditions (Kamal and Omar, 2011) . Glucose levels were significantly higher in the control fish blood than in the other treatment. This increase can be due to changes in the chemical parameters of water. Chemical pollutants modulate the metabolism of carbohydrates, causing high blood sugar by stimulating glycolysis in fish (Levesque et al., 2002) , and is probably linked to trying to mobilize energy resources to deal with tension and maintain balance (Ackerman et al., 2006) . Increased levels of glucose were previously recorded in blood of fishes exposed to ultraviolet radiation (Sayed et al., 2007) , heavy metals (Mekkawy et al., 2010) , and other pollutants (Adedeji et al., 2009; Osman et al., 2010) .
CONCLUSION
This study was conducted to evaluate the suitability and efficacy of using either Ceratophyllum demersum, Lemna minor or a mixture of both plants in treating tilapia aquaculture wastewaters. A reasonable reduction in concentrations of turbidity, conductivity, TDS, COD, BOD, and nutrients was observed after treatment with either C. demersum or L. minor. Results of water quality and fish physiology revealed that C. demersum was quite effective in treating the aquaculture wastewaters compared to the other treatments .Therefore, it is advisable to use C. demersum in treating aquaculture wastewater or inclusion in tilapia cultures.
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